worldwide and causes the most severe disease. Recently, Yasuda et al. demonstrated by genomic DNA-DNA hybridization that the different strains of L. interrogans constitute not one but at least six distinct species (37) .
The diagnosis of leptospirosis usually depends upon the demonstration of serum antibodies. The serological method of choice is the microagluttination test (MAT) (9) . An accurate diagnosis of infection may additionally require direct demonstration of the presence of L. interrogans in tissues, blood, or urine. This is achieved by culturing the organism and then subjecting it to immunological techniques. The identification of an unknown strain at the serovar level is tedious, requiring the maintenance of reference strains and their corresponding rabbit-immune sera (6) , and takes at least 2 months.
To overcome these difficulties in the characterization of L. interrogans strains, DNA-based techniques have been studied. For the detection of L. interrogans in biological samples, restriction endonuclease techniques (8, 13, 22, 23, 27, 30, [32] [33] [34] and nucleic acid probes (14, 25, 26, 31, 35, 38, 39) have been utilized. However, the published methods have shortcomings. Digestion of chromosomal DNA with restriction endonucleases often yields hundreds or even thousands of fragments, and differentiation between resulting electrophoresis patterns is an imposing task. Southern blotting with specific probes provides a specific and simpler banding pattern, but the method is cumbersome and unsuitable for routine application.
Pulsed-field agarose gel electrophoresis (PFGE) of large DNA fragments produced by rare-cutting restriction enzymes offers the advantage of a simple interpretation combined with a rapid result. The genome size of L. interrogans was estimated at 5,000 kb by using PFGE after restriction with three different endonucleases, and the pattern of each of the three serovars analyzed was different (3) .
In experiments described in this paper, the NotI restriction patterns of 45 L. interrogans wild-type strains isolated from humans or animals and identified by classical methods * Corresponding author.
as belonging to serovar icterohaemorrhagiae were compared with those of serogroup reference strains and serovars of the Icterohaemorrhagiae serogroup. Surprisingly, the patterns of the low-passage isolates from different parts of the world were identical. Furthermore, they were indistinguishable from the pattern of the icterohaemorrhagiae serovar reference strain.
MATERIALS AND METHODS
Bacterial strains and media. A total of 37 highly passaged strains of L. interrogans from the National Reference Center Collection were studied (Table 1) . These include the 23 reference strains of each serogroup of L. interrogans and the 14 serovars of serogroup Icterohaemorrhagiae. Forty-five clinical isolates from France, French Guiana, New Caledonia, and Tahiti (isolated from blood, cerebrospinal fluid, and urine) were used at passage 10 or lower. In vitro passage is necessary and requires 3 to 20 days.
Each strain was grown in 25 ml of EMJH medium (7, 16) at 30°C with shaking, and growth was verified by counting in a Petroff-Hausser chamber. The yield was between 4 x 107 and 2.5 x 108 cells per ml.
DNA extraction, enzyme digestion, and PFGE. A PFGE instrument from Pharmacia LKB (Uppsala, Sweden) with a hexagonal electrode array was used (Pulsaphor 2015). NotI was purchased from Amersham. Restriction analysis and electrophoresis of in situ lysed cells was performed as described previously (2) (DNA from 1.5 x 108 to 20 x 108 cells was loaded per lane). Two different pulse times enabled us to establish the restriction profile of the majority of L. interrogans serovars: a 25-s pulse gave optimal separation of the medium-sized fragments (70 to 400 kb), while a pulse setting of 100 s gave optimal separation of the largest Notl fragments. Usually, a program was used combining three pulse times (30, 60, and 120 s or 10, 25, and 50 s). The sizes of the DNA fragments were estimated by comparison of band mobilities with concatemerized X bacteriophage genomes (the size of the XNM1149 used was 48.5 kb [24] ) and Saccharomyces cerevisiae chromosomes (Bio-Rad Laboratories, Richmond, Calif.) (2,200, 1,600, 1,125, 1,020, 945, 850, 800, 770, 700, 630, 580, 460, 370, 290, and 245 kb). To calculate the genome size of the different Leptospira strains, the following strategy was used: the presence of single or double bands was estimated by evaluating ethidium bromide staining, the size of each fragment was estimated by calculating the mean of the different sizes obtained from several , and Tahiti (7 isolates) and identified by the MAT as belonging to serovar icterohaemorrhagiae were compared with those of each serovar of serogroup Icterohaemorrhaghiae. The Notl restriction patterns for all 45 strains were identical to that of the reference strain. An example is shown in Fig. 3 . Size of the L. interrogans genome. For each reference strain representative of a serogroup, and for each serovar of the Icterohaemorrhaghiae serogroup, the minimum genome size was determined. The values are all between 3,850 kb (serovar ranarum strain ICF) and 5,450 kb (serovar australis strain Ballico) ( Table 2) . These results are consistent with previous work, undertaken with three different endonucleases (3), showing a size of 5,000 kb for L. interrogans serovar icterohaemorrhagiae (strain Verdun), L. interrogans serovar grippotyphosa (strain Moskva V), and the saprophytic Leptospira biflexa serovar patoc (strain Patoc I).
DISCUSSION
Analysis of the Notl restriction patterns of L. interrogans DNA by PFGE allowed us to differentiate between each serogroup reference strain. Each of the 23 serogroup reference strains possesses a unique profile which can be considered as a specific genomic fingerprint ( Fig. 1 and Table 2 ). Furthermore, our results suggest that there are major genetic differences among serovars within a serogroup. Each of the 14 serovars belonging to serogroup Icterohaemorrhagiae has its own specific fingerprint apart from the two serovars, icterohaemorrhagiae and copenhageni (Fig. 2) , which are very difficult to distinguish by serological methods (20) and which have identical PFGE Notl restriction profiles. These two serovars have been reported previously to have identical EcoRI or other endonuclease restriction patterns (28, 34) and identical DNA-rRNA hybridization patterns (26) . They must therefore be extremely closely related genetically. Thus (21) . For example, strains of Mycobacterium leprae isolated from three different continents have essentially identical genomes: no polymorphisms were detected among restriction endonuclease digests of these genomes by using various probes (5) . In contrast, other bacteria such as Streptomyces and Rhizobium spp. are variable because of the presence of plasmids, insertion elements, and repeated sequences (1, 4, 10-12, 17, 18) . L. interrogans probably falls between these extremes, with more than 200 serovars (19) , each one analyzed thus far being very stable (data not shown). Stability could be due to the fastidious nature and long generation time (estimated to be approximately 12 h in vitro) of L. interrogans, whereas variability could be attributed to the presence of plasmids (29) and repetitive sequences (38) . The current state of knowledge about the genetics (no availability of gene transfer) of L. interrogans is too limited to allow us to do more than speculate on the answers to these questions.
